A liquid chromatographic (LC) method for determining residues of the antiparasitic drugs emamectin (EMA) and ivermectin (IVR) in fish tissues has been developed. EMA and IVR residues are extracted with acetonitrile and cleaned up on a C 18 solid-phase extraction column. Extracts are derivatized with 1-methylimidazole and trifluoroacetic anhydride and the components are determined by LC on a C 18 reversed-phase column with fluorescence detection (excitation: 365 nm, emission: 470 nm). The mobile phase is 94% acetonitrile-water run isocratically. Calibration curves were linear between 1 and 32 ng injected for both EMA and IVR. The limit of detection for both analytes was 0.5 ng/g, with a limit of quantitation of 1.5 ng/g. Recoveries of EMA and IVR added to salmon muscle averaged 96 ± 9% and 86 ± 6%, respectively, at levels between 5 and 80 ng/g. The percent relative standard deviation for the described method was less than 7% over the range of concentrations studied. The operational errors, interferences, and recoveries for fortified samples compare favorably with an established IVR method. The recommended method is simple, rapid, and specific for monitoring residues of EMA and IVR in Atlantic salmon muscle.
T he routine monitoring of farmed fish for residues of theraputants is an essential part of a HACCP-based quality management program required by the Canadian Food Inspection Agency (CFIA). The availability of simple, rapid, inexpensive, and reliable tests is essential for this to occur.
One of the problems encountered by aquaculturists involved in the raising of salmon and trout is the presence of sea lice. These parasites can result in severe losses of stock if untreated. One of the treatment regimes involves the addition of the drugs ivermectin (IVR) or emamectin (EMA) to the fish feed. Both EMA and IVR are members of the avermectin family, a broad spectrum of insecticides isolated from fermentation products of the soil microorganism, Streptomyces avermilitis (1) . EMA and IVR are mixtures of 2 homologues, B 1a and B 1b , with the B 1a being the prevalent form. In Canada, IVR is one of the most popular drugs allowed under an emergency drug release program for the treatment of sea lice. EMA also has become very popular as the clearance time is shorter than that of IVR.
A number of analytical methods are available for the determination of IVR in most animal products (2-6) and feeds (7), many of which involve a number of chromatographic steps. The CFIA monitors for the residues of IVR in farmed fish using an established method (2) to ensure compliance. Under the current rules, detection of residues above 50 ng/g for EMA and any detectable residues of IVR would lead to the rejection of the product. The detection limit of the current method is 2 ng/g for IVR. However, as EMA is a more recently introduced product, methodology is not as readily available. The manufacturer does provide a method (1) for EMA, however, it proved to be unsuitable for the analysis of IVR. Using separate methods for such closely related compounds is not efficient. A robust, efficient analytical method was required that could measure both EMA and IVR simultaneously. We have combined and expanded portions of a number of methods (2, 4, 6) , resulting in a procedure suitable for the simultaneous measurement of EMA and IVR in Atlantic salmon muscle tissue at low residue levels. MeCN. Mixed standards stored at -20°C are stable for at least 1 month.
METHOD

Apparatus
Fish Sampling
Atlantic salmon muscle samples were used in this investigation. Farm raised market-size fish were portioned according to AOAC Method 937.07 (8) , frozen, and sent to the laboratory. Samples were thawed, skinned, and boned. The muscle tissue was blended until homogeneous in a food processor. Portions were stored frozen at -20°C prior to analysis. 
Extraction
Accurately weigh 5 g homogenized muscle tissue into 50 mL polypropylene centrifuge tubes. Fortify all spike recovery samples with an aliquot of the working standard at this stage. Add 15 mL MeCN and homogenize. Cap the tubes and place on a wrist action shaker for 5 min, then centrifuge at 3000 rpm for 10 min. Decant the supernatant into a 125 mL Erlenmeyer flask. Resuspend the precipitate in the tube with another aliquot (15 mL) of MeCN, shake, and centrifuge as before. Combine the supernatants in the Erlenmeyer flask, add 70 mL water and 100 µL triethylamine, and mix.
Figure 2. Liquid chromatograms of a blank (A) Atlantic salmon muscle extract and (B) fortified tissue extract (40 ng/g each of EMA and IVR). LC conditions as described in the method.
through the column. Continue to draw air through the column for 2 to 3 min after all the extract has passed through to dry the column. Elute the components with 12 mL MeCN into a 15 mL polypropylene centrifuge tube. The SPE elution rate should be ca 5 mL/min. Evaporate the MeCN to dryness under a stream of nitrogen at 50°C. Redissolve the residue with 1.5 mL MeCN and mix on a Vortex mixer.
Standard Preparation
Prepare standards by transferring 50, 100, 200, and 400 µL (corresponding to 50, 100, 200, and 400 ng EMA and IVR reacted) of the working standard into 15 mL polypropylene centrifuge tubes. Evaporate the solvent, add 1.5 mL MeCN, and mix on a Vortex mixer.
Derivatization
Derivatize samples and standards by volumetrically adding 200 µL diluted 1-methylimidazole (1 mL diluted with 1 mL MeCN) and 200 µL diluted trifluoroacetic anhydride (1 mL diuted with 1 mL MeCN) to the redissolved residues and mix on a Vortex mixer. Add 600 µL MeCN for a final volume of 2.5 mL.
LC Determination
Set the mobile phase flow rate at 2.2 mL/min and let the column and detector equilibrate for 20-25 min. Inject 100 µL aliquots of the derivatized standard solutions and construct a linear regression curve of peak area EMA and IVR response vs ng reacted. Inject 100 µL aliquots of derivatized sample extracts. The ng of EMA or IVR in the sample extract is calculated using the linear regression of the calibration curve. The concentration (ng/g) of EMA or IVR in the sample extract is then determined by dividing by the weight of sample used.
Results and Discussion
EMA and IVR are easily separated from one another and completely eluted from the 25 cm × 4.6 mm Supelcosil LC-18-DB in 15 min with 94% MeCN at 2.2 mL/min (Figure 1) . Calibration curves were linear between 1 and 32 ng injected, which was equivalent to 5 to 160 ng/g in the tissue for both of the components. The average correlation coefficient of the calibration curve (run over a period of 2 months) was 0.9892 ± 0.011 and 0.9989 ± 0.007 for EMA and IVR, respectively. The limit of detection for the method is approximately 0.5 ng/g (3× signal-to-noise ratio) with a limit of quantitation of 1.5 ng/g (3× detection limit). Retention times were very stable, varying less than 0.1 min over a 12 h period. Five replicate injections of EMA and IVR standards at levels of 2, 8, and 32 ng/injection showed a maximum variation of only 2.7% at the 2 ng/injection level. Accuracy and precision of EMA and IVR determination from fortified Atlantic salmon muscle were good for both analytes (Table 1) . Figure 2 shows the chromatograms of blank and fortified salmon tissue extracts. The reproducibility of the proposed method was tested by repeated extraction of incurred EMA and fortified IVR salmon muscle tissues over a number of weeks and the results are shown in Table 2 . The percent relative standard deviations for samples containing EMA and IVR in the 4 to 73 ng/g range are shown in Table 2 and indicate that the method is very reproducible.
The proposed method was compared with the method in use for the past 4 years (2) by using an in-house check sample material containing IVR, which was tested by both methods. The average level of 8 analysis of IVR by the proposed method was 25 ± 2.5 ng/g (A) versus a level of 23.0 ± 4.8 ng/g (B) for the reference method giving an A/B ratio of 1.09, which indicates close agreement. The closer the ratio to 1, the better the agreement between the methods.
An advantage of the proposed method was that there was no need for silanized or conditioned glassware as required by other methods (2, 3, 5) . The procedure can be completed in polypropylene tubes with no special preparations. For routine analyses we found the current LC conditions to be quite adequate. As with the reference method (2), all traces of water and methanol had to be removed before the derivatization step of the procedure or the reaction would not proceed as expected. Other researchers have reported that excitation at 272 nm might increase the sensitivity by up to 3-fold (6). Unfortunately, this did not hold true for our specific system.
The derivatized extracts are stable over a period of 2 days at room temperature. After this time, the IVR component begins to degrade. The EMA is more stable with no degradation noted over a period of 1 week. Both EMA and IVR extracts are stable for at least 2 weeks at refrigerated temperatures (0°-4°C).
In some cases, samples applied to the C 18 SPE columns showed long elution times. This situation was corrected by adding a small plug of glass wool to the head of the column, trapping particulate matter which fouled the columns.
In conclusion, the proposed LC method provides a valuable tool for the simultaneous measurement of EMA and IVR in salmon tissues. The method is simpler and more rapid and reliable than the method that has been used by our laboratory for several years. We have tested the recommended method for a number of months and to date have had no problems with interfering materials or loss of LC column performance. The method can also be easily modified to include other members of the avermectin family. VAN 
